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Effectiveness of Lure in Capturing Northern Bog Lemmings on Trail
Cameras
Keely Benson

Abstract
Fens and bogs are unique wetlands that support a diversity of small mammals and many other
rare species. One such species is the Northern Bog Lemming (Synaptomys borealis). This
species is being considered for listing under the Endangered Species Act, so determining their
presence is helpful for management. Northern bog lemmings are difficult to trap and when they
are caught, experience high mortality rates. Since they are hard to capture and study, it is
difficult to determine presence/absence of this species for management purposes. This study used
a non-invasive, trail camera method for detecting northern bog lemmings in Finley Fen and
Meadow Creek in western Montana. Most small mammal studies use muskrat lure to attract
animals to traps, but it is not always readily available and is expensive. The purpose of this study
is to determine if there is a lure that attracts northern bog lemmings more often than muskrat
lure. Under each remote camera we placed small, square 6 by 6-inch pieces of plywood with a
metric ruler on the sides of the board as a size reference for small mammals. We tested 6
different types of lure/scent (including muskrat) to see if other lures have better detection rates.
The 6 lures were; muskrat lure as the control, almond extract, vanilla extract, strawberry extract,
clove oil, and lemongrass oil. Cameras were deployed with lure treatments for three weeks in
each site, with lure replenished every week, and treatments were rotated after two weeks between
different camera points to reduce the probability of camera bias with a certain lure. Overall, I
tested the hypothesis that there is another lure, besides muskrat, that results in higher detection
rates of northern bog lemmings. There was a total of 528 camera trap nights with 437 detections
of small mammals over all trap nights. Results suggest that the muskrat lure still produced more
photos of small mammals over the study period, followed closely in Finley fen by almond extract
and strawberry extract. Northern bog lemmings were confirmed in seven different pictures in
Finley Fen, five of which were on almond extract boards. Bog lemmings weren’t detected in
Meadow creek, although one specimen was captured in a snap trap in 1992. The small detection
rate for northern bog lemmings indicated that a larger sample size may be needed, or other lure
types tested to definitively detect northern bog lemmings in a survey.
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Introduction
In the northern continental United States, Canada, and Alaska there is a small mysterious
mammal that resides in fens and bogs, living within the peat and sphagnum moss mats
(Sphagmum spp.). The northern bog lemming (Synaptomys borealis) is a boreal species, found
mostly in northern North America, whose range extends south into Montana, Idaho and
Washington in the western United States. Due to the patchy species distribution and the lack of
sightings, there is little known about the Northern Bog Lemming. With the little information out
there on this species we cannot determine if it is just rare in its distribution or if the populations
are declining. It is also unknown if this
species could be used as an indicator for
the health of these fragile bog, fen and
wetland habitats or if they are hardy
enough to withstand change.
Some information on this species has been
obtained during studies of other small
mammals residing in the same habitat,
with most of the information based on
studies of the southern bog lemming
(Synaptomys cooperi). There has not been

Figure 1. Species distribution map for Northern Bog
Lemmings. Note that while the range is solid in color, they
live in bogs and fens that are not evenly distributed
throughout their range they do not appear to be in much of
Montana

extensive research on this species and the
need for new techniques of study is incredibly important.
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In 2012 Montana Fish Wildlife and Parks employed technicians to survey 6 known
northern bog lemming sites (Turnock and Anderson 2012). Using Sherman live traps, they
collected two northern bog lemmings from one site, both of which died in the live traps. It is
known that, much like shrews, this species does not have a high survival rate when caught in a
live trap and snap traps are not the best method either for collecting as you can sometimes
accidentally kill non-target species. Due to the high mortality rate in live traps, trapping is
difficult and not a viable option to determine presence/absence or population size. In September
of 2014 the northern bog lemming was petitioned for listing, however it did not receive any
listing status due to lack of knowledge on life history and habits. The main reason for the petition
was the concern of climate change and how it might affect the species habitat given that it is a
northern, cold, and moisture adapted species (Jones and Melton 2014). In order to obtain
knowledge on these subjects, work needs to be done to survey this species more thoroughly.
There currently is not a tried and true method for capture, whether that be live traps or cameras.
Remote camera trapping is becoming wildly popular among scientist for larger species since it is
minimally invasive and there is little to no chance of mortality on the study species.
Here, I tested the hypothesis that a combination of lures with the remote cameras could
provide an efficient means for detecting Northern Bog Lemmings in habitats in Western
Montana. I also evaluated the methods for other non-target small mammal species such as voles
and shrews. I also tested amongst 5 different lures; I chose these lures based on the premise that I
was able to easily gain access to them and if this study were to be recreated, they would also be
able to obtain the same lures. In Australia there was a study done on the northern quoll
(Dasyurus hallucatus) that looked at finding a reliable method for determining population. They
used camera traps with different type of bait under them and found that cameras captured more
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pictures if they were baited versus not baited (Austin 2017). Much like this study, I wanted to
determine if there was on type of attractant which maximized detection of this sensitive species. I
also considered cost in the deployment of the remote camera trapping system, lure, and
deployment time to provide guidance for future studies. And finally, I also controlled for
difference in capture rates of northern bog lemmings by testing field methods in two sites in
western Montana that had previously been studied and were known to harbor the species, and by
controlling for factors within a site that may have affected local detection rates at each camera
site.

Methods and Materials
Study Areas- Finley Fen:
Cameras were first placed in Finley Fen which is located approximately 20 miles west of
the town of Seeley Lake Montana (Figure 2). It sits at an elevation of 5,440 feet and is mostly
filled with willows, other deciduous bushes, a few conifer trees, sphagnum moss, sedges, rushes
and other grass species. The land around the fen has minimal trees due to a fire that burned the
area in 2007, but there are still some pockets of conifer trees. In the fen there are also cotton
wood trees on the south western and south eastern edges. During the study period there was
minimal standing water where the cameras were placed (Figure 6).
Meadow Creek:
Meadow Creek is located approximately 17 miles east of Sula Montana in the south
western corner of the state (Figure 2). Meadow Creek sits at a slightly higher elevation of 5,900
feet and is mostly comprised of meadow grasses, sedges, and rushes where the cameras were
placed. There was more standing and running water in this location compared to Finley Fen. The
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eastern portion of the fen is full of willows and a few conifer trees. There was a pocket of conifer
trees south of the cameras and to the north there were cotton woods and aspens. Sphagnum moss
was not as plentiful as it was in Finley Fen but there were large mats throughout the camera grid
(Figure 7).

Figure 2. Finley Fen and Meadow Creek Northern Bog Lemming study
sites for fall 2018 in Western Montana, USA.

Experimental DesignFor this study I used 12 Bushnell Nature View cameras that were mounted facing down
on camera tripods so that when the tripod is set up the camera is facing the ground. The camera
6

was raised between 40 and 46 cm above the ground to accommodate the focus of the close-up
lens on the camera which had a focus distance of 460 mm. Each camera was programmed to take
3 pictures for each trigger with a one second interval between each picture. The cameras had a
32-gigabyte memory card that was checked and replaced once a week to ensure that the card did
not fill, and new pictures were not captured. Under the camera I placed an approximately 6 inch
by 6-inch piece of thin plywood board that had a scale taped to the outer edge of two sides
(DuBois 2015). The scales were used to help in species determination after pictures were taken.
The cameras were then covered with a camouflage cover to reduce the probability of detection
from humans and to reduce the number of false triggers from sunlight and shadow movement.
The covers were staked down so wind was not able to blow them off and to also help sturdy the
tripod as well.

Figure 3. Camera set up with board below tripod (left) and then camera
set up with cover over tripod and staked down, Finley Fen, Western
Montana, USA.
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Camera placement was chosen based on vegetation and presence of sphagnum moss. I
looked for places that had a higher ratio of moss to sedges, grasses and deciduous bushes. Once
cameras were placed, they each were given a GPS point to plot on a map. Each week I checked
the cameras, replacing the memory cards for the reason stated above. I also put a few more drops
of the lure or scent on the board to ensure it still had a distinct smell from the environment
around it. The cameras were out for a total of 3 weeks, during the last check the boards were
rotated so that scents were in different places, reducing the possibility of camera placement bias.
After the camera cards were pulled, I went through the pictures and took all of the ones that had
an animal in frame. Once all the pictures were reviewed, I determined the species in the pictures
to help determine if there is a scent or lure that attracts a higher number of bog lemmings.
The lures were chosen based on how easy they are to acquire, from the grocery store for
example, and their cost. There were two boards for each scent to potentially rule out camera
placement bias. If there is a scent or lure that is more effective at attracting the northern bog
lemming that is more cost effective and easier to obtain than musk rat lure, then we could
potentially employ this method of survey to more areas with the possibility of higher detection
rates. This would allow more data to be collected on species distribution, presence-absence, and
potentially more information on abundance.
Species DeterminationAfter all pictures were uploaded to my computer, I did three different rounds of sorting to
make sure every species capture was documented. The initial sort was done every week when I
changed memory cards in the cameras. I only had two sets of cards so I would go through the
pictures and take the ones that had any sort of movement or anything out of the ordinary. They
were placed into folders that were labeled with the date checked and then within a folder for each
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camera. The second sort I looked for outlines of animals that I would be able to identify later on.
Once all of the pictures that had identifiable species in them, I did one final sorting. My last
sorting consisted of determining species based on size, shape and coloring in some cases. The
general categories I used were voles, shrews, bog lemmings, deer mice and other. The reason I
went with general species categories is because determining exact species can be difficult in trail
camera pictures, especially if it was shot in night mode and some of the picture is white-washed
and not as clear.
Data AnalysisUsing excel and the statistical software R version 3.5.1 (R Core Team), and tested if there
were any significant differences in detection rates across lure types. The first step was compiling
all of the species and lure data into excel spreadsheets that had every capture of each species
with its appropriate lure type. Then using R, I calculated average capture rate for each species. I
also ran two factor ANOVA’s (Zar 1995) to determine the effect of time, lure type and site on
capture rates. After running ANOVA’s, I then used code for a Tukey HSD to determine the
differences in capture rates among lure types. The results of these test are talked about below.

Results
During the total study period of 528 camera trap nights there were 437 total detections of small
mammals between both Finley Fen and Meadow Creek (Table 1). Most detections were during
low light hours and the camera was in infrared mode. I detected five different general species,
including the following: vole, shrew, bog lemming, deer mice and an ‘other’ category (Table 1).
However, as explained in the methods, all vole spp. and shrew spp. were put in a general
category as identification of these species was difficult in low light condition when pictures were
in black and white. When looking at the mean number of detections for each species (Table 1)
9

we see that Finley had a higher number of detections across all species. In Finley Fen there were
7 total bog lemming detections, 5 of which were on boards that had almond extract (Figure 4).
Meadow Creek did not have any bog lemming detections and overall had fewer total detections
(Figure 5). Shrews were detected most out of all species identified, followed by voles and other
species (Table 2 & 3, Supplemental Table).

TABLE 1. MEAN NUMBER OF DETECTIONS/NIGHT OF SMALL
MAMMALS OVER THE STUDY PERIOD FOR EACH SPECIES SEPARATED
INTO EACH OF THE STUDY SITES, FINELY FEN AND MEADOW CREEK,
WESTERN MONTANA, USA, 2018.
SITES

Bog Lemming

Vole

Shrew

Deer Mouse

Other1

FINLEY

0.194

0.361

5.472

0.057

6.944

MEADOW

0.000

0.083

4.972

0.027

5.083

1- Other listed in Supplemental Table
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Figure 4. Total number of bog lemming captures for each lure type over both Finley Fen and
Meadow Creek, western Montana, USA, 2018 over the study period. Almond extract had the
highest number of detections with 5, followed by muskrat and strawberry.

Figure 5. Total species count for all trap nights for each trap site for all lure types. Finley Fen is
in red and Meadow Creek is in blue. Shrews in both sites had the most detections, followed by
voles and other.

TABLE 2. TOTAL NUMBER OF DETECTIONS OVER ALL CAMERA TRAP
NIGHTS FOR EACH LURE FOR FINLEY FEN. ALMOND, LEMON GRASS, AND
MUSKRAT LURE HAD THE MOST DETECTIONS, ALL AROUND 40, OVER THE
STUDY PERIOD FOR FINLEY FEN.
SPECIES

Almond

Clove

Lemon
Grass

Muskrat

Strawberry

Vanilla

BOG
LEMMING

5

0

0

1

1

0

VOLE

0

1

0

2

2

7

43

29

40

41

23

25

SHREW

11

DEER
MOUSE

0

1

1

1

0

0

OTHER

10

2

4

7

2
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Bog LemmingsAcross all species and sites, I did not observe an effect of time on detection rates (Table
4); therefore, I never included time as a factor in the subsequent analysis. I then tested for
differences between site and time periods on detection rates for northern Bog Lemmings using
two factor ANOVA (see Methods). However, there were no detections of bog lemmings in the
Meadow Creek Site (Table 3). Thus, I only did a One-Way ANOVA of Bog Lemming detections
as a function of lure type.

TABLE 3. TOTAL NUMBER OF DETECTIONS FOR EACH LURE OVER ALL
TRAP NIGHTS FOR MEADOW CEEK. ALMOND, MUSKRAT, AND VANILLA
WERE TOP THREE LURES FOR MEADOW CREEK WITH JUST ABOVE 30
TOTAL DETECTIONS FOR EACH LURE.
SPECIES

Almond

Lemon
Grass

Muskrat

None

Strawberry

Vanilla

BOG
LEMMING

0

0

0

0

0

0

VOLE

1

0

0

1

1

0

SHREW

36

27

34

24

25

33

DEER
MOUSE

0

0

0

0

0

0

OTHER

0

0

1

0

0

0
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The One-way ANOVA confirmed that there was indeed a significant difference between
Lure Types on Bog Lemming counts (F6,64 = 2.465, p = 0.033, R-Squared 18%, Table 4), such
that Almond extract had the highest capture rates (0.42 detections/night), which Tukey HSD
post-hoc multiple comparisons revealed were significantly different than lemon grass and vanilla
(0 detections/ night). Though Muskrat and strawberry had the same detection rates (0.09/night),
they were not statistically different than Almond, though likely due to small sample size. But
Bog Lemming capture rates in Almond baited sites were not different from any other lure type
(even those with 0 detections, i.e., lemon grass). We also found that time period had no effect on
detection rates throughout the study period (Table 4).
Table 4. Summary of one-way ANOVA on the effects of lure type and site on mean Bog
Lemming detections/night for each study area, Finley Fen and Meadow Creek, western
Montana, USA 2018.
Degrees of Freedom

F-Value

p Value

LURE TYPE

6

2.465

0.033

SITE

1

6.061

0.0163

TIME PERIOD

2

0.425

0.653

Shrews and VolesSimilar to bog lemmings, I found that time had no effect on capture rate. Site did not
affect capture rate either. One-way ANOVA showed that there was not a significant difference
between lure type for detection of voles and shrews. Based on the p-values generated for the two
species we can determine lure type had no effect on mean capture rate for these two species (p=
.3955 voles, p= .9829 shrews). This could be due to the higher rates of detection over all for both
species in both sites.
Discussion
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Even with the patchy, narrow distribution of northern bog lemmings in Montana, I would have
thought there would have been more detections of bog lemmings. While I was still able to
capture bog lemmings seven total times in Finley Fen, I was unable to capture any pictures in
Meadow Creek. Based on the results of this study, almond extract seemed to increase detections
for northern bog lemmings, but overall muskrat lure still had the most total detections for all trap
nights. One theory for this is the muskrat lure puts off an odor longer than the almond extract
does and therefore the scent is detected over the entire week compared to the possibility of the
almond extract only producing scent for a couple of days. A possible way to combat this would
be to check and replenish the lures more often over the study period. As with most studies, a
longer study period or placing cameras during a different time of year may have resulted in
detections of bog lemmings in Meadow Creek.
Further information is still needed to accurately estimate population status of bog
lemmings and inform listing decisions under the Endangered Species Act. Without being able to
differentiate individuals, population numbers are not yet attainable, but we could potential
determine if the range of the northern bog lemming is changing. The current continuous habitat
suitability model is only based on 25 observations (Montana Natural Heritage Program 2019).
Using this model, we see a range that extends into southwestern Montana (Figure 6). If this
model is only based on so few observations it might not be accurate enough to make a decision
on this difficult to detect species. Since this study resulted in zero bog lemming detections in
Meadow Creek, which is in the very southern extent of the range, it could potentially mean that
the habitat suitability model is no longer accurate. If this is the case, in order to make any
determinations about the potential future protection of this species more surveys would need to
be done.
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Using this method, we could further survey potential habitats across western Montana.
Alongside the cameras, scat boards have also been used as a survey method. The premise of this
method is that boards placed in fens and bogs to attract small mammals that then defecate on
them. Then we collect scat samples, using tweezers and disinfectants between samples to ensure
no cross contamination, and then send them off to a lab to have DNA extracted to see if northern
bog lemmings are present. This method has been proven to show detections for northern bog
lemmings (DuBois 2015) although there are some issues. The biggest issue is that the DNA
sequence for northern bog lemmings and meadow voles are so close that sometimes samples that
are most likely northern bog lemming come back as meadow vole. There has been recent work in
Maine to sequence the bog lemming DNA so that this result is not as common. This method
could increase detections and is also relatively cost effective and easy to implement.
The future for this species, as well as many other non-game species, might be uncertain at
this point but if more surveys were implemented and carried out; the habitat suitability model
could be updated to give a better representation of the current range of the northern bog
lemming. After surveying and determining presence/absence it might be easier to define this
species critical habitat and what might need to be done in order to protect these special areas that
the bog lemmings live in.
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Figure 6. Continuous habitat suitability model output with the 25 observations used for modeling.
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Supplemental Table- List of species found in each site with common name and scientific
name for those species that were identifiable.
Species Group Scientific Name

Finley Fen

Meadow Creek
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Southern Red-backed Myodes gapperi
Vole
Meadow Vole Microtus
pennsylvanicus
Unidentifiable Vole Muridae
Unidentifiable Shrew Sorex spp.

X
X

X

X

X

X

X

Snowshoe Hare Lepus americanus

X

Chipmunk Tamias spp.

X

Red Squirrel Tamiasciurus
hudsonicus
Ermine/Short-tailed Mustela erminea
Weasel

X

Deer Mouse Peromyscus
maniculatus
Unidentifiable Song
Bird

X

Garter Snake Thamnophis sirtalis

X

X
X

X
X

X= Definitive detections
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Figure 6. Camera trap placement in Finley Fen of the 12 cameras and on-site picture (below) during fall
of 2018 Western Montana, USA.
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Figure 7. Camera placement of the 12 cameras and an on-site picture (below) in Meadow Creek during
fall of 2018 Western Montana, USA.
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Ermine/Short-tailed Weasel- Finley Fen

Northern Bog Lemming- Finley Fen

Unidentifiable Vole- Finley Fen

20

Unidentifiable shrew- Finley Fen

Southern Red-backed vole- Finley Fen

Snowshoe Hare- Finley Fen

21

Chipmunk spp- Finley Fen

Red Squirrel- Finley Fen

Unidentifiable Song Bird- Finley Fen

22

Common Garter snake- Finley Fen
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